
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : M. Allen Northrup et al. Art Unit: 1634 

Serial No.: 08/900,735 Examiner: Sisson, B. 

Filed : 07/24/1997 

Title : MICROFABRICATED REACTOR 

Assistant Commissioner for Patents 
Washington, DC 20231 

DECLARATION UNDER 37 CFR S 1.131 
We, M. Allen Northrup and Richard M. White, declare as follows: 

1 . We are the coinventors of the invention described in the claims of the above- 
identified patent application, as amended by the Response filed on July 12, 1999. This 
Declaration is a replacement for the Declaration filed in the Patent and Trademark Office on July 
12, 1999. 

2. Prior to May 1, 1992, we completed the conception of the invention in this 
country as evidenced by the following: 

• Prior to May 1, 1992, we prepared and signed an Invention Disclosure 
Statement entitled "Microinstrumentation-based Polymerase Chain Reaction (PCR) Diagnostics" 
(Exhibit A). The Invention Disclosure Statement describes the features of an apparatus ("the 
apparatus") for amplifying a preselected polynucleotide in a sample. This apparatus included a 
reaction chamber and at least one reactant chamber, at least one channel interconnecting the 
reaction and reactant chambers, a heater configured to heat reactants in the reaction chamber, a 
temperature controller coupled to the heater and configured to control the temperature of a 
reaction in the reaction chamber, and a product analysis chamber coupled to the reaction 
chamber and adapted to analyze reaction products contained in the product analysis chamber, as 
recited in independent claims 1 and 104 of the above-identified application. 
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3. Prior to May 1, 1992, in this country, we reduced to practice various features of 
the apparatus recited in independent claims 1 and 104, as evidenced by the following: 

• In a notebook kept by M. Allen Northrup ("Dr. Northrup"), an 
entry (Exhibit B) dated before May 1, 1992, contains a description of an apparatus ("apparatus 
A") that embodies some of the features of the apparatus recited in independent claims 1 and 104. 
For convenience, Exhibit B has been recently annotated in red ink, with the various features of 
the apparatus labeled according to their respective reference numbers in FIGS. 2 and 3 of the 
above-identified patent application. In particular, apparatus A comprises: 

a reaction chamber configured to contain a chemical reaction (see, e.g., 30); 

a heater configured to heat reactants in the reaction chamber (see, e.g., 
"polyheater/ polysilicon" 54b); and 

a temperature controller coupled to the heater and configured to control the 
temperature of a reaction in the reaction chamber (see, e.g., 56br, 67br, 56bl and 67bl). 

• In the above-mentioned notebook kept by Dr. Northrup, an entry 
(Exhibit C) dated before May 1, 1992, describes the results of certain operational tests on 
apparatus A, constructed (see, e.g., photographs on page 34) and tested prior to May 1, 1992. 

• In the above-mentioned notebook kept by Dr. Northrup, an entry 
(Exhibit D) dated before May 1, 1992, describes the results of certain operational tests on 
apparatus A. In particular, apparatus A was successfully operated to amplify a preselected 
nucleotide (see, e.g., photographs on page 45). 

• In the above-mentioned notebook kept by Dr. Northrup, an entry 
(Exhibit E) dated before May 1, 1992, describes the results of certain operational tests on 
apparatus A. In particular, the tests included homogeneous detection of the reaction products in 
the reaction chamber using UV light. 

4. Each of the dates deleted from Exhibits A-E is prior to May 1 , 1 992. 
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5. We hereby declare that all statements made of our own knowledge are true and 

that all statements made on information and belief are believed to be true. We understand that 
willful false statements and the like are punishable by fine or imprisonment, or both (18 U.S.C. § 
1001) and may jeopardize the validity of the application or any patent issuing thereon. 
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Date: ' / P / 


Richard M. White 
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mail with sufficient postage on the date indicated above and is 
addressed to the Assistant Commissioner for Patents, Washington, 
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Tide: Microinsmimenarion-bascd Polymerase Chain Reaction (PCR) Diagm 
Inventors: 

M. Allen Nonhrup 
923 Creston Rd 
Berkeley, CA 94708 

Richard M. White 
350 Panoramic Rd 
Berkeley, CA 94708 

Date: 


BackgmnnH- 


SjATofTn^n ^ 7^ J* 3 mCthod by which 3 si "g lc of DNA (or 

Tta iS^XE? ^ ^^"nipjified several rnillionfold within a few hours. 
itus weU-estabhshed procedure is based on the repetition of heating (denaturing) and 

primSI ( S&5 y nVA in *? PTOCnCC ° f * C °^ naJ DNA DNA 
SSnaS^S? w r? 1 ^" ««y««- ^h cycle produces a doubling of the 
SSELh, x ^S™?"' 1 « adin 8 10 4,1 exponenoal accumulation of the target segment The 
generahzed procedure involves: 1 ) processing of the sample to release target DNA 
molecules into a crude extract, 2) addition of an aqueous solution containing enzvmes 
$£3 ^yn*"." 6 ^ triphosphates (dNTPS), and two oUgonucleoride primers, 3) 
gennal cycling of tne reaction mixture at two or three temperatures (i e 94 72 and T7 L 

LnTS f a l° mC aS - ays to "cwporate signal-producing and/or surface-binding primers 
ISiiS^S* reaCD ° n ^ UCtS (C g - elec ^Phoresis Ir chromatography ReK 
SStivS? £l2 P1C f y f " *E OT ?! r of tcns of ^ and one tc^o hours. 
^S^L^'^T 1 le ? hnol °g>: has »«" a PPlicd to a variety of analyses, including 
res^anTh contaminant identification, medical diagnostics, and biological 

uS^ abriCMk,n ^ chno J°gy ha s advanced to the point where a variety of of 
a^eSi, 3^ C ? te ^ *? havc clccoica1 ' mechanical, optical, cherrucal, 
S SSJTSSf 1 - Forcxam P^« have been fabricated that can pump, heat, 

32££2f pcrohter quannues of solids and liquids. As well, micro-scale optical and 

fib^SSlSn^iSr^ 3 ^ ^ Chcmical a*"* 5 have developed such as 
allowX SHnnm?n^^ aVC ^ »**«ion of these devices into systems 

fm^ri l °P?*m o[ analytical instruments on a micro-scale. The advantages of such 
ST** mclud < ^ 10 manufacture them in batch quantities with high 

^^^^^J^LwST SmaJ1 P" 5 ^" Si ^ ficant advantagfin that 
mey would be able to perform highly automated in sim analyses. 

Invention ("WOTt 

The lm a C i?? n i diSCl ? Sl "T ^ oon ? enis application of micToinstrumentation to PCR 
Hie small analytical and reaction volumes of PCR make it an ideal diagS? tXque for 


implementation on micro-devices. Such a system could contain reservoirs of reagents, 
agitation and„mixing devices to process the target cells, pumps to carry solid and/or fluid 
reagents to mixing chambers, heaters and coolers to perform the denaturing and annealing 
cycles, optical and/or electromechanical/chemical sensors to discriminate the reagents and 
products of the reaction, and separation devices to purify reactants and products. Feedback 
control via integrated sensors could also be incorporated directly into the system. 

Many or all of of these devices could be made from microfabricarion technology and could 
process micro- to picoliter volumes. By the selection and integration of appropriate 
microfabricated devices, a precise and reliable reaction and analysis instrument for PCR- 
based diagnostics could be devised. A schematic diagram of an example of one such 
possible system is presented in Figure 1. Several to many of these micro-instruments 
could be manufactured on a wafer and could run in parallel, allowing the processing and 
analysis of several target agents and controls. Target DNA detection methodology could 
include either an optical, electromechanical, electrochemical, or a combination sensing 
device. Detection signals could be processed and stored with microelectronic devices. 


Control and feedback 




Figure 1. An example of an Integrated microinstrument. 


In summary, in this disclosure we describe an integrated microsystem and analytical 
instrument to perform PCR -based diagnostic methodology. The amplification process 
from minute sample sizes and reaction volumes, and specific reaction sequence of the PCR 
technique plays favorably into the micro-device capabilities of on-going micro-fabrication 
technology. The development of this integrated micro- PCR system will lead to a highly 
automated, miniaturized, analytical instrument for in stai analyses o£a- variety of samples. 
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UNIVERSITY OF CALIFORNIA , BERKELEY (UCB) 
OFFICE OF TECHNOLOGY LICENSING 



AGREEMENT CONCERNING DEVELOPMENT OF TECHNOLOGY 
AND DISTRIBUTION OF INCOME 

CaseNaB. 


Name of Technology: Microinstrument at ion-Based Fcl>-merase Chain Reaction (PCR) 

Diagnost ics 
Creators: ^* 

M. Allen Norchrup and Richard M. White 

Reference: University of California Patent Policy as revised. 

L UCB and Creator(s) desire that the above Technology be licensed by UCB to Industry In order that 

applications and uses of the Technology be made widely available for public use and benefit. Creator 
therefore assigns to UCB any right title, and Interest he or she may have In the Technology including, 
but not limited to. patent copyright, tangible research materials, and semiconductor mask work rights, 
and assures UCB that he or she has not granted any such rights in Technology to any other person or 
entity. The term "tangible research materials" refers to research results which are in tangible form-as 
distinct from Intangible (or intellectual] property. Examples include integrated circuit chips, computer 
software, biological organisms, engineering prototypes, engineering drawings and other property which 
can be physically distributed. 

2 UCB shall take such actions as it believes appropriate to make the Technology available for public use 
and benefit but shall not be liable for any failure to generate Income thereby. 

a Creator agrees to cooperate with UCB to secure and protect UCS's Interest and ownership in the 

Technology, including executing patent assignment and other pertinent documents, giving testimony, 
and providing pertinent information: provided, however, that If any expenses are incurred by Creators tn 
providing such cooperation, such expenses shall be paid by UCB. 

4 Considering the foregoing. Net Royalty Income will be distributed as follows: 

CREATOR (9) SHARE: 33 1 /3% of Net Royalties 
DEPARTMENT SHARE: 50% of Adjusted Net Royalties 
UNIVERSITY SHARE: 50% of Adjusted Net Royalties 

The academic department(s) (or organized research unlt(s)) of the creators are: 

Electrical Engineering and Computer Sciences Department and 

Berkeley Sensor and Actuator Center 


5 "Net royalties" are deflned as gross royalties and fees, less 15% thereof for administrative costs, and less 
the out-of-pocket costs of patenting, protecting, and preserving patent rights, maintaining patents, the 
licensing of patent and related property rights, and such other costs, taxes, or reimbursements as may 
be necessary or required by law. and a reserve to cover out-of-pocket expenses which UCB reasonably 
determines may be incurred tn following fiscal years which may not be covered by future royalty revenue. 
When no longer needed. UCB agrees to distribute the balance of funds reserved according to the formula 
of paragraph 4 above. 

6 "Adjusted Net Royalties" are deflned as "Net RoyalUes." as specified In Paragraph 5 above, less the 
followtng deducuons to such Net Royalties thereby calculated: 
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